ABSTRACT Accessory pathways showing decremental properties and inserting into the right ventricle have been frequently described as "nodoventricular" or Mahaim pathways. However, conclusive evidence for a nodal origination of such pathways is lacking. The patient in this study had characteristics typical of such a pathway. Antegradely, the pathway showed decremental, nodelike conduction properties. With the aid of right bundle branch recordings, the pathway was demonstrated to insert directly into the right bundle branch. Atrioventricular reciprocating tachycardia could be readily initiated by atrial or ventricular pacing. The QRS morphology was normal during sinus rhythm and demonstrated a left bundle branch block pattern with normal axis during tachycardia. The reentrant circuit involved antegrade conduction over the accessory pathway and retrograde conduction via the bundle branches, His bundle, and the atrioventricular node. More significantly, late atrial stimuli delivered during tachycardia could preexcite the ventricle via the accessory pathway despite their inability to enter the atrioventricular node. Thus, the upper "turn around" of the reentrant circuit involved atrial tissue and the accessory pathway originated directly from the right atrium independent of the atrioventricular node. In view of these new findings and other recent observations during surgical resection of similar pathways, a reassessment of previous descriptions of "nodoventricular" fibers may be necessary. Many of these pathways may actually represent atriofascicular or atrioventricular connections with decremental properties.
node and inserting into the right ventricle. [3] [4] [5] [6] [7] [8]  definitive evidence that such pathways do arise from the atrioventricular node is lacking.
In this communication, evidence will be presented that will: (1) describe an accessory pathway that behaved as a typical "nodoventricular" Mahaim fiber, but actually arose directly from the right atrium and inserted into the right bundle branch, and (2) demonstrate the usefulness of a stable right bundle branch recording in addition to the usual His recording in elucidating participation of the His-Purkinje system in reentrant tachycardia involving this pathway.
Methods
The patient was a 16-year-old boy referred for evaluation of recurrent episodes of palpitation. At His bundle electrograms were recorded from the proximal pair of electrodes of this catheter and right bundle branch recordings were obtained from the corresponding distal pair of electrodes. The tip of the second femoral catheter was positioned at the right anterior portion of the low right atrium for pacing. Programmed electrical stimulation was performed from the right atrium, coronary sinus, and right ventricular apex. During ventriculoatrial conduction, the His to atrial electrogram interval (HA interval) was measured from the onset of His electrogram to the onset of low septal atrial electrogram recorded from the His bundle electrodes. When the initial deflections of low atrial electrograms could not be seen due to overlap with ventricular electrograms, HA intervals were obtained by subtracting intra-atrial conduction time (septal to high right atrial electrogram) from the His to high right atrial interval. Such subtractions were considered to be acceptable since no detectable conduction delays were seen in the atria.
Results
The surface electrocardiogram during sinus rhythm (figure 1, A) was normal except for presence of increased voltages in the right precordial leads. An electrocardiogram obtained during tachycardia showed a ventricular rate of 200 beats/min with a widened QRS that resembled left bundle branch block with a normal axis ( figure 1, B) . A PATHOPHYSIOLOGY AND NATURAL HISTORY-ARRHYTHMIA increase in atrioventricular conduction times as measured by the time interval between the atrial stimulus and the earliest ventricular electrogram (SV interval), as well as the His and right bundle electrograms (SH and S-RB intervals, figure 2). Note that at cycle lengths less than 380 msec, SH intervals were actually longer than SV intervals. Lengthening of atrioventricular conduction time was associated with progressive preexcitation of QRS complexes until at maximal preexcitation (cycle lengths < msec, figure 2), the QRS complexes were identical to those seen during clinical tachycardia. These findings were consistent with behavior of so-called nodoventricular Mahaim fibers. However, data presented later in this report would be inconsistent with origination of this accessory pathway from the atrioventricular node. Progressive preexcitation was also associated with a shift in the relationship between His and right bundle electrograms. The His to right bundle activation sequence actually reversed at cycle lengths associated with maximal preexcitation, as illustrated in figure 3 . This reversed sequence, which was identical to RB-H sequence during ventricular pacing (shown later in figure 6 ), demonstrated that the right bundle branch and His bundle were activated in a retrograde direction when there was maximal preexcitation of the QRS A complex. Without the right bundle recording, it would have been impossible to verify that any portion of the His-Purkinje system was actually activated retrogradely during atrial pacing.
It should also be noted that the right bundle electrogram in figure 3 , B, occurred within the first 5 msec of earliest ventricular activation seen on any lead, implying that the pathway of preexcitation inserted directly into the right bundle branch. Otherwise, it would be highly unlikely for these structures to be activated retrogradely so early in relationship to ventricular activation if conduction were to occur through myocardium before entering the His-Purkinje system.
At an atrial pacing cycle length of 300 msec, reciprocating tachycardia was induced. Figure 4 shows the initiation of tachycardia. Atrial activation sequence of the fourth atrial beat (arrow) was different from that of preceding paced beats, indicating an alternate activation of the atria. The RB, H, and atrial activation sequence of the same beat, however, was identical to that seen during the subsequent tachycardia and during ventricular pacing (shown later in figure 6 ). It appeared that maximal preexcitation during atrial pacing was associated with retrograde activation of the right bundle branch and His bundle, and that tachycardia started when the impulse propagated through the atrioven- figure 5 , A and B. Note the preexcited QRS morphology in panel A when pacing was performed from the right atrium in contrast to the narrow QRS morphology seen in panel B when pacing was switched to the distal coronary sinus electrodes. During coronary sinus pacing at cycle lengths of 320 msec or below, transition from normal QRS morphology to the preexcited form occurred abruptly (figure 5, C). The first preexcited beat was always maximally preexcited and was followed by initiation of tachycardia. Initiation of tachycardia during coronary sinus pacing always followed the same sequence. In contrast, right atrial pacing at cycle lengths below 350 msec showed maximal preexcitation but without 840 triggering the tachycardia until pacing cycle length was shortened to 300 msec (figure 4). This difference in right vs left atrial pacing indicated a quicker input from the right atrium into the accessory pathway. Because of this earlier access, pacing from the right atrium resulted in a preexcited QRS morphology at cycle lengths that were longer than those needed during coronary sinus pacing.
On the other hand, preferential input was into the normal, fast-conducting, atrioventricular nodal pathway during coronary sinus pacing and preexcitation only occurred when conduction blocked in this pathway, which then allowed right bundle and ventricular activation via the accessory pathway, leading to reentry. The fact that tachycardia could be initiated at longer cycle lengths during coronary sinus pacing than with right atrial pacing was also consistent with the proposed preferential inputs into those pathways. With any reentrant circuit, one would expect initiation of tachycardia to be easier when pacing was performed nearer the site of unidirectional block, in this case, nearer the normal atrioventricular nodal pathway that had preferential input from the left atrium.
Effects of incremental ventricular pacing. Incremental ventricular pacing was performed from the right ven- figure 3 .
introduced from the coronary sinus and right atrium during pacing at a basic cycle length of 350 msec. With pacing from the right atrium, QRS complexes following both S1 and S2 were totally preexcited (figure 7, A). Tachycardia could not be initiated at any S1S2 coupling interval and atrioventricular block occurred at a coupling interval of 240 msec. In contrast, the pattern of conduction was quite different during pacing from the coronary sinus. Ventricular preexcitation was seen neither during the basic drive nor at S1S2 coupling intervals exceeding 280 msec ( figure 7, B) . With coupling intervals of 280 msec or less, however, V2 showed maximal preexcitation and always initiated the tachycardia (figure 7, C). These observations again suggested a preferential input from the right atrium into a decrementally conducting right atrium to right bundle branch pathway.
It was also interesting to note the events following induction of tachycardia, as illustrated in figure 7 Of note during initiation of tachycardia was that V3-V4 and V4-V5 intervals were longer than the subsequent intervals, despite the fact that the AH intervals after V3 and V4 were shorter than during subsequent beats of the tachycardia. This provided further eviVol. 77, No. 4, April 1988 dence that the His-Purkinje system was an essential part of the reentrant circuit. Although either bundle branch could be used for the retrograde limb, when the left bundle branch was used, tachycardia cycle length was increased due to addition of transeptal conduction time. The constancy of HA intervals seen in these panels, despite changes in the route of impulse propagation through the bundle branches, firmly established that retrograde atrial activation occurred via the atrioventricular node.
Effect ofearly atrial beats introduced during tachycardia.
Atrial stimuli were introduced during tachycardia to the right atrium through the tip of the atrial catheter, which was positioned at the anterior part of the low right atrial wall. Multiple episodes of tachycardia resetting were demonstrated, with atrial stimuli delivered as late as 10 to 40 msec after onset of the low septal atrial electrogram. Figure 9 shows an example of atrial stimulus delivered 40 msec after the onset of the retrograde low septal atrial electrogram, which was nevertheless able to advance ventricular activation during tachycardia. The ability of such a late right atrial beat to preexcite the ventricle during tachycardia indicated that the accessory pathway originated directly from the right atrium and that the tachycardia circuit used low atrial tissues as the upper "crossover" between the retrograde fast pathway and the antegrade, slower conducting, accessory limb of the circuit. Given this observation, it is highly improbable that this accessory pathway was a 44nodoventricular" fiber. Since RB-H intervals during tachycardia were the same as those during ventricular pacing, the site of bypass tract insertion into the right bundle must have been below the RB recording site. The fact that RB-H-A activation sequence was the same during ventricular pacing and during tachycardia also suggested that this pathway was part of the tachycardia circuit. Furthermore, the presence of right bundle and His recordings during every beat of tachycardia provided conclusive evidence that the His-Purkinje system was an integral part of the reentrant circuit by demonstrating occurrence of retrograde right bundle branch block and its effect on cycle length of tachycardia. Lengthening of the VH interval with occurrence of retrograde right bundle branch block (as illustrated in figure 8, D) , in association with prolongation of tachycardia cycle length, was a direct indicator of His-Purkinje system involvement in the reentrant pathway.
The upper "turn around" site of the reentrant pathway.
Ever since the description of nodoventricular fibers by Mahaim," 2 the potential that these fibers may be involved in reentrant pathways, or in "bystander" activation of the ventricle during supraventricular tachycardias, has been a subject of intense interest among cardiac electrophysiologists. Antegrade atrioventricular conduction usually showed dual-pathway physiology, with a fast pathway used in the retrograde limb of reentry and a slow pathway with preferential right atrial input associated with the accessory Mahaim fiber. The "atrioventricular nodal" properties of the slow pathway were manifested by progressive prolongation of atrioventricular conduction time with shorter coupling intervals of atrial premature beats or shorter cycle lengths of atrial pacing. The reentrant tachycardia reported here appeared to have all of these characteristics and could easily have been considered to implicate the presence of a "nodoventricular," pathway. Schematic representations of these bypass tracts have depicted them as arising from the right side of the atrioventricular node and connecting to the right ventricle3-8 or to the right bundle branch.'2 The suggestion in such reports was that the upper turnaround of the reentrant circuit was within the atrioventricular node, much like those diagrammed in atrioventricular nodal reentrant tachycardias.
However, conclusive evidence demonstrating the intranodal nature of the upper turn around during reentry involving nodoventricular fibers has been lacking. The data presented in this report suggest that the atrial end of the reentrant pathway in this case was quite different from those seen in atrioventricular nodal reentrant tachycardias. Miller et al. '4 have suggested that there is atrioventricular nodal tissue above the intranodal reentrant pathway in atrioventricular nodal reentrant tachycardia. The intranodal nature of the reentrant loop would make it difficult to capture the circuit with a single premature atrial beat. In fact, Kerr et al. 15 have suggested that single premature atrial beats delivered close to the atrioventricular node during atrioventricular nodal reentrant tachycardia could not be delivered early enough to capture the reentrant circuit.
In this patient, atrial electrograms were never seen to dissociate from the tachycardia. Although this fact by itself did not necessarily imply that the atria were part of the circuit, other data obtained during this study (figure 9) strongly suggested that a portion of the right atrium was a link in the reentrant pathway. The fact that a right atrial stimulus delivered during tachycardia as late as 40 msec after onset of the low septal right atrial electrogram could, nevertheless, advance ventricular activation indicated that right atrial input into the accessory pathway did not involve the atrioventricular node. In addition, there must have been a fair distance between the atrial site of retrograde impulse emergence CIRCULATION PATHOPHYSIOLOGY AND NATURAL HISTORY-ARRHYTHMIA during tachycardia and the site of right atrial entrance into the accessory pathway to allow resetting of the tachycardia with such a late right atrial stimulus. Further evidence confirming that the origination of the accessory pathway was separate from the atrioventricular node can be derived from figure 4 . Since retrograde activation of the atria occurred via the atrioventricular node, presence of entrainment with atrial fusion during right atrial pacing implied that the accessory pathway was independent of the node.
Proposed reentrant tachycardia circuit. Figure 10 is a schematic representation of the proposed tachycardia circuit based on data presented here. The atrial origination of the accessory bypass is totally dissociated from the normal atrioventricular node, and arises from the right atrium at a significant distance from the input to the atrioventricular nodal pathway. This accessory pathway has decremental properties, much like an atrioventricular node, and inserts at its lower end into the right bundle branch. 16 Thus, identification of atrial insertion of these pathways is more problematic than it is with accessory atrioventricular connections that have good retrograde conduction. The delivery of programmed premature atrial stimuli during tachycardia near the right atrioventricular ring can potentially discriminate between atrioventricular nodal and extranodal pathways. The ability to preexcite the ventricles during tachycardia, even though the premature atrial stimulus is delivered after retrograde atrial activation has begun, indicates an accessory pathway that is independent of the node, provided that the retrograde pathway can be firmly established to be atrioventricular nodal (as shown in figure 8 ). 
